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Abstract In this talk I make a review on the theoretical and experimental situation around the deeply bound 
kaon clusters, the possible bound kaonic states of nuclear, rather than atomic nature. At the same time I discuss 
novel developments around other kind of bound kaon clusters, which include states of two mesons and one 
baryon, with either one or two kaons, and states of a vector meson and two kaons, which explain naturally the 
observed properties of the X(2175) and Y(4260) resonances. 



1 Introduction 

In this talk I will review the present situation around the 
deeply bound kaonic states. The negative kaons experience 
an attraction in nuclear matter, which has been proved ex- 
perimentally by the observation of shifts in energy of the 
kaonic atoms levels. For these kaonic states the Coulomb 
interaction and the strong one participate on equal foot- 
ing, but the strength of the strong attraction is found to be 
large enough to accommodate bound states of nuclear type, 
where the radius of the kaon is similar to that of the nu- 
cleons. The question arises that at the same time the kaon 
finds modes of annihilation in the presence of other nucle- 
ons and the widths of these states can be much larger than 
the separation between the levels, in which case the possi- 
bility to find peaks experimentally fades away. This seems 
to be the case according to calculations made using chiral 
dynamical models. Yet, this has not precluded the exper- 
imental search for such states and in several experiments 
claims have been made for their finding. Unfortunately, 
the claims were based on misinterpretation of peaks, that 
devoted works, simulating the experiments and the reac- 
tions taking place there, have shown could be reproduced 
in term of conventional, unavoidable reactions occurring 
in the experiment. Work follows in different laboratories 
looking for other signals and for the lightest of all these 
clusters, the KNN system. 

I also devote some time to describe new systems, which 
have been studied very recently, and which involve other 
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kind of clusters of kaons. These states, however, are not 
controversial. Some of them correspond to states already 
known, offering a particular interpretation of their nature, 
and others are predictions for which there could be already 
some experimental evidence, but which require more work 
to be settled. The known states to which I refer are the 
low lying excited l/2 + , S=-l resonances, which appear 
naturally as bound states or resonances of systems of two 
mesons and one baryon in coupled channels, one of the 
mesons being a kaon. Another state, which is claimed to 
be seen in the yp — > K + A reaction around 1920 MeV, cor- 
responds to a bound state of KKN with the K and K cou- 
pled to make the /o(980) or ao(980) resonance. Finally, two 
more states recently found at BABAR and other labs, the 
X(2175) and Y(4260), are shown to be well reproduced as 
resonances of the <pKK and J/tfrKK systems respectively. 
These three body systems have all been studied with a 
novel approach to the Faddeev equations in coupled chan- 
nels, using chiral unitary dynamics and the on-shell two 
body amplitudes, after the useful finding that there is a can- 
cellation of off-shell parts of the two body amplitudes with 
the three body amplitudes originated by the same chiral 
Lagrangians. This finding is relevant since it allows one to 
use empirical amplitudes to solve these Faddeev equations 
without resorting to the use of potentials and their unavoid- 
able off-shell extrapolation. It also has practical simplify- 
ing consequences in the solution of the Faddeev equations 
that will be discussed. 

In the next two sections we study the basic KN in- 
teraction using chiral dynamics and the chiral unitary ap- 
proach in coupled channels. In the two following sections 
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we study the kaons in a nuclear medium and review the 
situation of the deeply bound kaon states. A more detailed 
study is made of one of the reactions claimed to provide 
evidence of a deeply bound kaon cluster from correlated 
Ad pairs emitted after the absorption of kaons at rest in nu- 
clei. The KNN system is reviewed in another section and 
in a further section we study the novel three body systems 
which lead to the interesting states mentioned above. 

2 Meson-nucleon amplitudes to lowest 
order 

Following 11121 we write the lowest order chiral Lagrangian, 
coupling the octet of pseudoscalar mesons to the octet of 
l/2 + baryons, as 

L[ B) =< Biyv^B > -M B < BB > + 



Vij = -Cy^uO»V"(P)(^« + *£) (6) 

were p, p'(k, k') are the initial, final momenta of the baryons 
(mesons). Also, for low energies one can safely neglect 
the spatial components in eq. (6) and only the y° com- 
ponent becomes relevant, hence simplifying eq. (6) which 
becomes 

Vy = -Cy^(*°+^) (7) 
The matrix Cy, which is symmetric, is given in (3). 

3 Coupled channels Bethe Salpeter 
equations 

Following |4| we write the set of Bethe Salpeter equations 
in the KN centre of mass frame 



l -D < B/y 5 { MjU , B\ > +-F < ByKy 5 [u M , B] >, (1) 
where the symbol < > denotes trace of SU(3) matrices and 



V ll B = d ll B + [r ll ,B] 

U = u 2 = exp(z V2<Z>//) 
u„ = iu + " 



(2) 
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The SU(3) matrices for the mesons and the baryons are 
the following 



Tij = V u + Vu Gi Tij 



(8) 



where the indices i, j run over all possible channels. Eqs. 
([8]) are coupled channels integral equations involving the 
off shell part of V and T. However, by using the N/D method 
and neglecting the left hand cut, as done in Quantum Me- 
chanics, one can show that a very useful form of these 
equations is possible, by writing the potential and the T 
matrix on shell and factorizing them outside the integral 
involving VGT A different derivation is provided in [5] 
starting from a potential in momentum space, which is sep- 
arable and has a cut off in momentum 
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At lowest order in momentum, that we will keep in our 
study, the interaction Lagrangian comes from the r M term 
in the covariant derivative and we find 



r(B) 



4/ 



(5) 



which leads to a common structure of the type uy"(k ll + 
WAu for the different channels, where u, u are the Dirac 
spinors and k, k! the momenta of the incoming and outgo- 
ing mesons. 

We take the K p state and all those that couple to it 
within the chiral scheme. These states are K°n, n°A, n°Zr, 
n + Z~ , n~Z + , rjA, rjZ°, K°E°, K + S~ . Hence we have a prob- 
lem with ten coupled channels. The lowest order ampli- 
tudes for these channels are easily evaluated from eq. (5) 
and are given by 



V(q,q') = V0(A-\q\)0(A-\q'\) (9) 

Thus the BS equations result into the algebraic matrix 
equations 



T = V + VGT 



or equivalently 



T = [1 - VGV 1 V 
with G a diagonal matrix given by 
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) 4 E,(q) k°+p Q -q°- E,(q) + ie q* - 
d 3 q 1 Mi 1 



irij + ie 



(2tt) 3 2aj,(q) E t (q) p° + k° - aj,(q) - E,(q) + ie 

which is regularized using either dimensional regulariza- 
tion or a cutoff, q max , and depends on p° + k° = -\fs and a 
subtraction constant in dimensional regularization or q max 
in the cutoff method. 

It is interesting to note here, because it will be used 
later on, that the Lagrangian of eq. (0 has kept only two 
mesons in the expansion of r M of eq. (0. One can keep up 
to four mesons in the expansion and obtain amplitudes for 
two mesons one baryon going to also two mesons and one 
baryon, which will be used in the section devoted to three 
body states. 
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4 Kaons in a nuclear medium 

The model discussed in the former section for the KN in- 
teraction gives rise to a s-wave K self-energy (K = K or 
K°) 

n^q°, q ,p)=2 J ^n(p)[T^\P, P ) + T^P°,P, P )} 

(13) 

which is obtained by summing the in-medium KN interac- 
tion, T" s (a = Kp, Kn), over the nucleons in the Fermi sea. 
The values (q°, q ) stand now for the energy and momen- 
tum of the K in the lab frame. Note that a self-consistent 
approach is required since one calculates the K self-energy 
from the effective interaction which uses K propaga- 
tors which themselves include the self-energy being calcu- 
lated. 

The T matrices in eq. (fT3l are modified in the medium 
to take into account Pauli blocking on the intermediate nu- 
cleons, pionic selfenergies and kaon selfenergies of the in- 
termediate states. The p-wave contributions coming from 
the coupling of the K meson to hyperon particle-nucleon 
hole (YN~ l ) excitations are also taken into account. 

The method oulined above has been used in H6I7I8I9I 
considering Pauli blocking effects. The work of [10| con- 
siders the selfenergy of the pions in addition and the self- 
energy of the kaons selfconsistently. The selfconsistency 
requirement is mandatory in the presence of the nearby 
/1(1405) resonance and is also implemented in H9I1 11121 . 
where similar results are obtained. The p-waves have been 
considered in addition in iTPJl . 

With this method we obtain a shallow potential which 
is common to all the chiral approaches including selfcon- 
sistency, and which we show in fig.Q] 

It is interesting to note that with this potential one could 
get a good reproduction of shifts and widths of kaonic 
atoms [ 14 J, as one can see in fig. [2] 

A fit to the global set of kaonic atoms data was carried 
out in H151 . were it was concluded that a best fit potential 
could be achieved with a moderate increase by about 20 % 
of the theoretical potential of [ 10 1. 

It is most opportune to mention here that the discrep- 
ancies of the theory with experiment for the shift of the 
4 He data in fig. |2]have been resolved recently, thanks to a 
technological breakthrough in the work of [16|. It is also 
interesting to note that this discrepancy has been used in 
the past to justify that the kaon nucleus potential had to 
have much larger strength H 1 71 1 81 . The new experimental 
findings rule out these superstrong potentials with as much 
as 600 MeV attraction at the center of the nucleus. 



5 Deeply Bound Kaon Atoms 

The potential of [ 10 1 is sufficiently strong to produce deeply 
bound kaonic states. It produces indeed a Is deeply bound 
state around 30 MeV. It produces also a p state bound by 
10 MeV. The problem in both cases is that the states have 
a width of about 100 MeV. This is much bigger than the 



separation between the levels and precludes the experi- 
mental observation of peaks. This is the situation of the 
deeply bound kaon atoms in the context of chiral theories, 
which have proved to be highly accurate to deal with me- 
son baryon and meson nucleus interaction. 

The issue of the kaon interaction in the nucleus has 
attracted much attention in past years. Although from the 
' study of kaon atoms one knows that the /f-nucleus po- 
tential is attractive [19|, the discussion centers on how at- 
tractive the potential is and if it can accommodate deeply 
bound kaon atoms (kaonic nuclei), which could be ob- 
served in direct reactions. A sufficiently large attraction 
could even make possible the existence of kaon conden- 
sates in nuclei, which has been suggested in 1201 . The list 
of papers where strongly attractive potentials are used is 
long H2 1 122I23I24I25I26I27I28I . providing as much as 200 
MeV attraction at normal nuclear matter. More moderate 
attraction is found in similar works done in [ 29 30 3 1 1 . Yet, 
all modern potentials based on underlying chiral dynam- 
ics of the kaon-nucleon interaction 1191 1 01 1 1 1 1 21 1 31 lead to 
moderate potentials of the order of 60 MeV attraction at 
nuclear matter density. They also have a large imaginary 
part which makes the width of the deeply bound states 
much larger than the energy separation between the lev- 
els, which would rule out the experimental observation of 
peaks. 

The opposite extreme is represented by some highly at- 
tractive phenomenological potentials with about 600 MeV 
strength in the center of the nucleus 11 1 71 1 81 . These poten- 
tials, leading to compressed nuclear matter of ten times nu- 
clear matter density, met criticisms from [32| and more re- 
cently from [33 1, which were rebutted in 1 34 1 and followed 
by further argumentation in [35| and [36|. More recently 
the lightest K-nuclear system of KNN has also been the 
subject of strong debate 0371381391401 . 

Experimentally, the great excitement generated by peaks 
seen at KEK gl] and FINUDA 0421431 . originally inter- 
preted in terms of deeply bound kaons atoms, has calmed 
down, particularly after the work of [ 32 1 regarding the KEK 
experiment and of [ 44 45 46 1 regarding the FINUDA ones 
found explanations of the experimental peaks based on con- 
ventional reactions that unavoidably occur in the process 
of kaon absorption. Also the thoughts of ATI , with oppo- 
site views to those of FINUDA in [42], and the reanalysis 
of the KEK experiment of lETTl done in l47l . where the 
original narrow peak appears much broader, have helped 
to bring the discussion to more realistic terms. In any case, 
this short discussion has served to show the intense activity 
and interest in the subject. 

There is however one experiment from where the au- 
thors claim evidence for a very strong kaon-nucleons po- 
tential, of the order of 200 MeV attraction (48). The ex- 
periment looks for fast protons coming out from the ab- 
sorption of kaons in flight in nuclei. The problem has been 
recently studied in [49 1 where it was shown how the exper- 
iment was analyzed and which ingredients are missing in 
the analysis of [48). 

One of the shortcomings of [48 1 stems from the use 
of the Green's function method [50| in a variant used in 
[51 52 53 1 to analyze the data and extract from there the 
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Figure 1. Real (top) and imaginary (bottom) parts of the K~ optical potential as a function of density obtained from the ln-medium pions 
and kaons approximation. Results are shown for three different K~ energies: <±> = m K - 45 MeV (dotted lines), oj = m K (solid lines) and 
a) = m K + 20 MeV (dashed lines). 



kaon optical potential. The only mechanism considered in 
[48 1 for the emission of fast protons is the KN — > KN, 
taking into account the optical potential for the kaon in the 
final state. However, in l49l one can see that there are other 
mechanisms that contribute to the emission of fast protons. 
One of the mechanisms is the kaon absorption by one nu- 
cleon, K~N — > nZ or K~N — > ttA followed by decay of the 
E or the A into jiN. Another of the mechanisms is the ab- 
sorption of kaons by pairs of nucleons, KNN — > EN and 
KNN — > AN, followed by similar hyperon decays. The 
contributions from these processes were also suggested in 
Ref. [51 1. Another important point disclosed in [49] is that 
in the experiment of [48 1 there was an extra requirement of 
coincidence: in addition to a fast proton detected forward 
one demanded that there would be at least a charged par- 
ticle detected in a layer counter surrounding the target. It 
was assumed in ll48l that this does not change the shape 
of the proton distribution, but it was found in |49| that 
this is not the case and the shape of the spectrum changes 
substantially, to the point of invalidating the conclusions 



drawn in [48|. Although in ll49l one does not make claims 
for a certain strength of the kaon potential, because the re- 
action is not particularly suited to determine this magni- 
tude, one at least finds that a shallow potential is preferred 
to a very strong one. 

6 Correlated Ad pairs emitted after the 
absorption of kaons at rest in nuclei 

As an example of how one does interpret experiments which 
have been advocated as evidence for deeply bound kaon 
atoms in nuclei we explain here the case in favor of a 
deeply bound kaon from a peak seen in the experiment of 
[43 1 . In this experiment A and d were measured in coinci- 
dence after kaon absorption at rest from 6 Li and 12 C, and 
it was observed that the A and d were strongly correlated 
back to back. From there the authors concluded the forma- 
tion of a bound state of a kaon and three nucleons which 
decays in A d. 
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Figure 2. Energy shifts and widths of kaonic atom states (from 1141 ). . From left to right the states correspond to the 2p,3d and 4f atomic 
levels. 



In the K~ top A — > AdA' reaction [43], at least three nu- 
cleons must participate in the absorption process. Two body 
K~ absorption processes of the type K~NN — > EN {AN) 
have been studied experimentally in [54] and their strength 
is seen to be smaller than that of the one body absorption 
K~N — > tiE(tiA) mechanisms. This result follows the ar- 
gument that it is easier to find one nucleon than two nu- 
cleons together in the nucleus. This is also the case in pion 
absorption in nuclei, where extensive studies, both theo- 
retical [55] and experimental ||56l . obtain the direct two 
and three body absorption rates with the former one dom- 
inating over the later, particularly for pions of low energy. 
We follow here the same logics and assume the process to 
be dominated by direct three body K absorption, the four 
body playing a minor role. 

The former assumption means in practice that, in 6 Li, 
the other three nucleons not directly involved in the ab- 
sorption process will be spectators in the reaction. These 
three spectator nucleons have to leave the nucleus, but they 
were originally bound in the nucleus. The nuclear dynam- 
ics takes care of this since there is a distribution of mo- 
menta and energies in the nucleus, and the ejection of ei- 



ther three nucleons, a nd pair or tritium, implies that the 
absorption is done in the most bound nucleons. 

The other element of relevance is the atomic orbit from 
which the kaon is absorbed. This information is provided 
by the last measured transition in the X-ray spectroscopy 
of Zf~-atoms, which occurs precisely because absorption 
overcomes the y ray emission. In the case of 6 Li this hap- 
pens for the 2p atomic state 1141191 . 

Following the line of studies done for pion absorption 
and other inclusive reactions [57], we describe the nucleus 
in terms of a local Fermi sea with Fermi momentum k F (r). 
The nucleons move in a mean field given by the Thomas 
Fermi potential 



V{r) = - 



k 2 F {r) 
2rriN 



1/3 



(14) 



where Wjy is the nucleon mass and p{r) is the local nucleon 
density inside the nucleus. 

This potential assumes a continuity from the energies 
of the bound states (holes) to those in the continuum (par- 
ticles), which is not the case in real nuclei. For this rea- 
son, we implement an energy gap, A, which is adjusted to 
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respect the threshold of the reaction. The introduction of 
a gap in the Fermi sea is a common practice in order to 
be precise with the actual binding energies of the nuclei 
involved in a particular reaction so that the correspond- 
ing threshold is respected [58 59 60). Hence, we demand 
that the highest possible invariant mass of K~NNN system, 
which happens when the three nucleons are at the Fermi 
surface with total three-momentum zero, corresponds to 
the minimum possible energy for a spectator three-nucleon 
system with total zero momentum, namely a tritium at rest. 
This situation corresponds to 



m K - + M(, u = m K - + 3m N - 3d + M, , 



(15) 



and we determine A = 7.8 MeV. In the above expression 
niK- , M t , Mb U are the masses of the corresponding particles 
and nuclei. 

The probability of K absorption by three nucleons 
will be determined from the third power of the nuclear den- 
sity as 

Tex J d 3 r\¥ K -(r)\ 2 p 3 (r), (16) 

where ¥%-(/) is the K atomic wave function. In order to 
take into account the Fermi motion we write the density as 
p(f) = 4 J ^0{k F {r) - |p|) and then we obtain 



Each event in the multiple integral of Eq. ( fTTT i. done 
with the Monte Carlo method, selects particular values for 
r, pi, p2 and p3 which, in turn, determine the value of 
the corresponding Ad invariant mass from Eqs. (TT9b — (120b. 
Since the minimum obvious invariant mass of the residual 
three-nucleon system is M* = M,, corresponding to the 
emission of tritium, the cut 0(M* - M t ) is also imposed for 
each event. A compilation of events provides us with the 
Ad invariant mass distribution. We also directly obtain the 
distribution of total Ad momentum, Eq. (fT9l . to be directly 
compared with the Ad momentum measured in (43). 

Note that the model presented here is a straightforward 
generalization (from two nucleon to three nucleon K ab- 
sorption) of the one used in Refs. [ 44 61 1, however here we 
concentrate on the primary reaction peak, while in Refs. 
[44 61 1 the authors were more interested in the peak gen- 
erated by the final state interactions, i.e. by the collisions 
of the primary produced A and p on their way out of the 
nucleus. Since the two nucleon K absorption, discussed 
in 114416 1 1 . was measured for heavier nuclei [42], the final 
state interaction peak was stronger than that of the primary 
reaction, contrary to the reaction studied in this work. 

Other observables measured in fl3l require an addi- 
tional work. One is the angular correlation of Ad pairs, and 
the other is the missing mass assuming a residual nd sys- 
tem, apart from the measured Ad pair, namely 



Toe 



x 0(k F (r) - IPilMMr) - lp 2 |)0(Mr) - lp 3 l) ■ (17) 

From this expression we can evaluate all observables 
of the reaction. Let us first concentrate on the Ad invari- 
ant mass which, for each K~NNN — > Ad decay event, is 
precisely the invariant mass of the corresponding K~NNN 
system, the other three nucleons acting as spectators. Thus 
the energy of the Ad pair is obtained from 



= Ev- + Em, + £V + E 



E Ad - Ek-nnn 

P? Vh V>\ kl( r ) 
=m K -+3m N + 7 P- + ^ + z P — 34——3A 



(18) 



2niN 2niN 2m^ 
and the momentum from 



2m 



A' 



P/W = Pk-NNN = Pi + P2 + P3 > 

and, correspondingly, 



MacI - E Ac i 



p2 

2E Ad 



(19) 



(20) 



T miss = m K - + M(, u - m A - m„ - 2M d - (T A + T d ) , (23) 

where m A , M d and 7^, T d are the masses and the kinetic 
energies of the A and the d, correspondingly. These two 
observables require the evaluation of the individual A and d 
momenta in the laboratory frame. Their value in the center 
of mass (CM) frame of the Ad pair is given in terms of the 
known invariant mass but their direction in this frame is 
arbitrary. We take this into account by obtaining A and d 
momenta in the CM frame 



p^ M = p c A M (sin cos (f>, sin sin (p, cos 0) 



CM CM 



with 



CM_ Am ( M M><> M2 d ) 

2M Ad 



(24) 



(25) 



where the events are now generated according to the distri- 
bution provided by the integral 

j dcos0 j ' d<p j dhd 3 p 1 d 3 p 2 d 3 p3\ > f / K -(r)\ 2 

x0(k F (r) - \pi\)0(k P (r) - |p 2 |)6>(^(r) - |p 3 |) 
x<9(M* - M,) . (26) 



One may also easily obtain the invariant mass of the resid- 
ual system, M* , from 



M* = E* - 



p*2 

2E* ' 



with 



E* - niK- + M() Li - Ek- 



nnn 



P* = -P 



Ad ■ 



(21) 



(22) 



In order to have the final A and d momenta in the laboratory 
frame, where the Ad pair has momentum P Ad , we apply the 
transformations 



CM 

P/l = Pa + m ^v 
p d = -p c A M + M d y . 



(27) 



where v = VAdKniA + M d ). These last equations allow us 
to find the cosinus of the angle between the directions of A 
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and d. Therefore, generating the distribution of events ac- 
cording to their relative angle is straightforward. We see, 
as it is also the case of the experiment, that ~ 200 
MeV/c, while p c A M ~ 650 MeV/c, which already guaran- 
tees that the Ad events are largely correlated back-to-back. 

We note that our calculations incorporate the same mo- 
mentum cuts as in the experiment, namely 140 MeV/c < 
p A < 700 MeV/c and 300 MeV/c < p d < 800 MeV/c. 

In Fig. [3] we show the results for the invariant mass 
of the Ad system. Our distribution, displayed with a dot- 
dashed line, peaks around M^d = 3252 MeV as in the 
experiment. The shape of the distribution also compares 
remarkably well with the experimental histogram in the re- 
gion of the peak, which is the energy range that we are ex- 
ploring in the present work. We obtain a width of about 36 
MeV, as reported in the experiment. Note that apart from 
the peak that we are discussing, the experiment also finds 
events at lower Ad invariant masses which did not play a 
role in their discussion 11431 . These events would be gener- 
ated in cases where there is final state interaction of the A 
or the d with the rest of the nucleons, as was discussed in 
044161 1, or through other absorption mechanisms. 

The angular correlations between the emitted A and d 
can be seen in the distribution displayed in Fig.@] where, as 
in the experimental analysis, we consider only those events 
which fall in the region 3220 MeV < M Ad < 3280 MeV. As 
we can see in the figure, the distribution is strongly peaked 
backward and the agreement with experiment is very good. 

One also finds good agreement with data for the dis- 
tribution of the total Ad momentum and the missing mass 
distribution. 



7 The KNN system 

In the context of low-energy QCD with Nf = 3 quark fla- 
vors, the study of possible antikaon-nuclear quasibound 
states is a topic of great current interest. Spontaneously 
broken chiral S U(3) x S t/(3) symmetry, together with ex- 
plicit symmetry breaking by the non-zero quark masses, 
basically determines the leading couplings between the low- 
mass pseudoscalar meson octet (Nambu-Goldstone bosons 
in the chiral limit) and the octet of the ground state baryons. 
In particular, the Tomozawa- Weinberg chiral low-energy 
theorem implies that the driving KN interaction in the isospin 
7 = channel is strongly attractive. Likewise, the 7 = nZ 
interaction is attractive. The coupling between these KN 
and nZ channels is the prime feature governing the sub- 
threshold extrapolation of the KN interaction. 

We have already discussed the problem of the -nucleus 
interaction and K bound states. A prototype system for 
these considerations is ppK~, the simplest antikaon-nuclear 
cluster. It has recently been investigated using three-body 
methods with Faddeev equations Q7I39I and variational 
approaches [40 62 63 ?]. Reaction studies |64| have also 
been performed dealing with the actual formation of ppK~- 
The Faddeev and variational calculations predict a total 
ppK~ binding energy in a range B ~ 50 - 70 MeV, to- 
gether with an estimate of the KNN — > ttYN decay width, 



r ~ 50 - 100 MeV, depending on details of the interactions 
used. 

The key issue in any such calculation is the extrapola- 
tion of the KN interaction into the region far below thresh- 
old. Its predictive power is limited by the lack of accurate 
constraints from data. 

Apart from the constraints provided by KN threshold 
data and low-energy cross sections, the only piece of infor- 
mation about the interaction below KN threshold is the nZ 
mass spectrum which is dominated by the A(1405) reso- 
nance. In 1 38 1 the extrapolation below threshold of the ef- 
fective KN interaction has been done following [33] from 
the viewpoint of chiral SU(3) dynamics. Their structure 
shares features with the pioneering coupled-channel model 
[65 1 that used vector meson exchange interactions (see also 
Ref. (66)). 

Most chiral SU(3) based calculations produce two A(1405) 
states which are seen in the nZ mass spectrum [67]. The 
higher mass state peaks around 1420 MeV and is rela- 
tively narrow, while the lower mass state is more uncer- 
tain but peaks around 1395 MeV and is much wider. This 
implies that the effective single-channel KN interaction is 
substantially weaker than anticipated in the simple phe- 
nomenological potential of 017118 1. In those phenomeno- 
logical studies, the local, energy-independent potential was 
adjusted interpreting the /l(1405) directly as a KN bound 
state, identifying its binding energy by the location of the 
maximum observed in the nZ spectrum of the reaction of 
[68 1, but ignoring strong coupled-channel effects. 

In ll38l a variational ppK~ calculation was performed 
employing the new effective KN potential derived from 
chiral coupled-channel dynamics in 11331 . together with a 
realistic AW potential. This calculation is supposed to be 
complementary to the Faddeev approach with chiral SU(3) 
constraints [39|. The variational calculation gives easy ac- 
cess to the wave function of the bound state so that valuable 
information about the structure of the ppK~ cluster can be 
extracted, whereas the elimination of the nZ channel is re- 
quired and the width of the state can only be estimated 
perturbatively. The Faddeev calculation has, in turn, the 
advantage that the decay width of the quasibound state is 
computed consistently in the coupled-channel framework. 
Both methods therefore have their virtues and limitations. 

The work of f38l extends and improves the previous 
studies fl62l in several directions, including further refine- 
ments in the AW interaction, computation of density distri- 
butions, an evaluation of effects from p-wave KN interac- 
tions and an estimate of the KNN — > YN absorptive width. 

The present situation is rather uncertain and the val- 
ues of the bindings vary from about 20 to 70 MeV and 
the width from about 50 to 100 MeV. The different way in 
which the two body amplitudes are extrapolated off shell 
might be partly responsible in these three body calcula- 
tions for the differences in those approaches. In this sense, 
in section |9~T1 we shall present a method to deal with Fad- 
deev equations in coupled channels which eliminates from 
the beginning this unphysical part of the scattering ampli- 
tudes. 
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Figure 3. (Color online) The Ad invariant mass distribution for the K„ 



AdA' reaction. Histogram and error bars are from the 



experimental paper | 43 1, while the dot-dashed curve is the result of our calculation. 
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Figure 4. (Color online) The Ad angular distribution for the Kj top A — > AdA' reaction. Histogram and error bars are from the experiment 
1431 . while the dot-dashed curve is the result of our calculation. As in the experimental analysis, we take into account the following cuts: 
3220 MeV < M M < 3280 MeV. 



8 Conclusion on experimental situation on 
deeply bound kaon clusters 



No evidence of deeply bound K states on nuclei has been 
found. All peaks claimed as states could be interpreted in 
terms of conventional, unavoidable and controllable reac- 
tions. Work continues searching for these states in JPARC, 
FINUDA, AMADEUS, DISTO (see talks by Shevchenko, 
Morton, Grishina, Vazquez Poce, Lio, Okada Camerini and 
Tsukada in this Conference). On the positive side, we are 
learning new and interesting physics about K absorption by 
two and three nucleons, which is relevant from the many 
body point of view. 



9 Other kaonic clusters 



In this section I want to call the attention to new and very 
interesting kaonic clusters which have been investigated 
only in the last couple of years. I will mention the sys- 
tem with two meson and a baryon, with one of the mesons 
being a kaon. Some of these three body systems are bound, 
or form resonances, and lead to the low lying 1 /2 + excited 
baryons with strangeness. The other systems are also three 
body systems with a cluster of KK, one of them with an 
extra nucleon, another one with an extra (f> meson and the 
third one with a Jj iff. The study of these new systems has 
been stimulated by a reformulation of the Faddeev equa- 
tions within the formalism of the chiral unitary approach 
1691701 ■ 
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9.1 Formalism 

We solve Faddeev equations in the coupled channel ap- 
proach. These coupled systems have first been constructed 
by pairing up all the possible pseudoscalar mesons and 
1 /2 + baryons, which couple to strangeness =-1, and adding 
a pion to the pair finally. One ends up with twenty-two 
coupled channels for a fixed total charge ll69l . The inter- 
action in the meson-baryon sub-systems has been written 
in S -wave, which implies, after adding another meson in 
S -wave, that the total J p of the three body system is 1 /2 + . 
The solution of the Faddeev equations, 



T 1 + T 2 + T 3 , 



(28) 



where the T' partitions are written in terms of two body 
t-matrices (f') and three body propagators (g — [E - H]~ l ) 
as 



V = t l + tg T j + T 



i,j*k= 1,2,3), (29) 



requires off-shell two body f-matrices as an input. How- 
ever, we found that the off-shell contributions of the two 
body f-matrices give rise to three-body forces which, when 
summed up for different diagrams, cancel the one arising 
directly from the chiral Lagrangian in the S t/(3) limit [69 1. 
In the realistic case, this sum was found to be only 5 % 
of the total on-shell contribution |69|. Thus, it is reason- 
ably accurate to study the problem by solving the Faddeev 
equations with the on-shell two-body f-matrices and by ne- 
glecting the three-body forces. 

In this way, a term at second order in f in the Faddeev 
partitions (fig. ID, for instance, 



(30) 



is written as a product of the on-shell two body f-matrices 
f 1 and f 3 and the propagator g li given as 



equation above , depend on on-shell variables and can be 
factorized out of the loop integral but not f 1 and g 13 l69l 
. This can be done if we re-arrange the loop integral as is 
done in ll69l . 

There one defines a function F'j* which includes the 
loop variable dependence of f. Then one defines a function 

G ijk as 



-.213 



r dk" 



2M 3 



F 213 (V?, k") 



2Ei(k") 2£ 3 (k") V^il - £i(k") - E 3 (k") + ie 



The diagram in fig. [6] can, hence, be re-written as f 2 G 213 
t^g^t 1 . The formalism has been developed following the 
above procedure, i.e., by replacing g by G, every time a 
new interaction is added. This leads to another form of 
the Faddeev partitions (eq. (l29l). which, after removing the 
terms corresponding to the disconnected diagrams and by 
denoting the rest of the equation as Tr, can be re-written 



1 R 



fg ij t 3 + t l G ijk T ]k + t'G ij 'T J R \ i * j, j + k = 1, 2, 3. 

(31) 

The T l l can be related to the Faddeev partitions (eq. 
d59l ) as T = t + T'l + r*, hence, giving six coupled equa- 
tions instead of three (eq. d29l). These T l * partitions cor- 
respond to the sum of all the possible diagrams with the 
last two interactions written in terms of f 1 and tK This re- 
grouping of diagrams is done for the sake of convenience 
due to the different forms of the G' J * functions. We define 
Tr as 



(32) 



which can be related to the sum of the Faddeev partitions 
(eq. <|28)) as 

(33) 



T = f 1 + f 2 + f 3 + Tr. 



1 



2E 2 - £i(kj) - £ 2 (k; + k 3 ) - £ 3 (k 3 ) + ie 

Adding another interaction to the diagram in fig.[5](see 
fig-IS), me expression t l g n P gets extended to 
t 2 g 2l t l g u t 3 , which can be written explicitly as 



i 



i 



2M 3 



2Ei(k") 2£ 2 (k" + k 3 ) 2£ 3 (k" + 
^(^(k")) 



- £i(k") - E 2 QQ - E 3 (k" + k' 2 ) + ie 
1 



- £i(k") - E 2 (k" + k 3 ) - £ 3 (k 3 ) + ie 



t (sn), 



where s 13 = (P-K' 2 f, s X2 = (P-K 3 ) 2 , i 23 (k") = (P-K"f 
with P, K 3 , K' 2 and K" representing the four momenta cor- 
responding to the P = 0, k 3 , k' 2 and k" respectively. Our 
aim is to extract f 1 ^ 13 ^ out of the integral, which could 
simplify the calculations. The f 2 («i 3 ) and / 3 (si2), in the 



9.2 Results and discussion 

One constructs the three-body 7Vmatrices using the isospin 
symmetry, for which we must take an average mass for the 
isospin multiplets n (tt + , tt°, n~), K (K°, K~), K (K + , K°), 
N (p, n), E £°, £-) and 3 (S°, ST). In order to iden- 
tify the nature of the resulting states, we project the Tr- 
matrix on the isospin base. One appropriate base is the one 
where the states are classified by the total isospin of the 
three particles, /, and the total isospin of the two mesons, 
I n in the case of two pions. Using the phase convention 
|tt + > = -| 1,1), \K~) = - | 1/2,-1/2), | r + > = - | 1,1) 
and | E ) = - | 1/2, -1/2) we have, for example, for the 
the nnS channel 

„0 JO xO 



n" jt u D =| 1,0),® | 1,0),® | l.Ofe 



| I 2,0)- ^ | (1.0) 
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Figure 5. The diagrammatic representation of the t 1 gt 3 term. 



Figure 6. The diagrammatic representation oftgtgt. 



- |/ = 1,7„ = 0>, 

where, I and I„ denote the total isospin of the three body 
system and that of the two pion system, respectively. Sim- 
ilarly, we write the other states in the isospin base. 

After projecting the 7Vmatrix (eq. d32b ) on the isospin 
base, we square them and plot them as a function of the 
total energy ( -\fs) of the two meson one baryon system and 
the invariant mass of particles 2 and 3 ( yfszs). However, 
this choice is arbitrary, we could as well plot the squared 
amplitude, for example, as a function of yTil and yfs^. 

In fig. [7] we show our results for jtkA in the | I, I„) = 
| 0, 0) case, where a peak at 1740 MeV is clearly seen. The 
full width at half maximum of this peak is ~ 20 MeV. We 
identify this resonant structure with the A( 18 10) in the par- 
ticle data book iTTl . It should be noted that, even though 
the status of this resonance in ifTTIl is three-star, the asso- 
ciated pole positions vary from about 1750 MeV to 1850 
MeV and the corresponding widths from 50-250 MeV. 

We find evidence for two more resonances in the isospin 
zero sector in the A(1600) region. Apart from this, we find 
evidence for four low-lying E resonances: 1) for the E{ 1560), 
thus predicting J p = l/2 + for it, 2) the 2X1620), for which 
the partial-wave analyses and experimental findings are kept 
separately in the PDG, 3) the well-established 2(1 660) and 
4) the one-star 2(1770). All these results are summarized 
in the table 1, along with the states listed by the Particle 
Data Group. 



9.3 The KnN and coupled channels system 

In ||69ll a total of 22 coupled channels to KnN were consid- 
ered. The T matrix was projected over total isospin states 
and the |!T| 2 matrix was plotted against two variables, the 
total energy and the invariant mass of a pair of particles, 
either a meson and a baryon of the two mesons. The mag- 
nitude \T\ 2 exhibits clear peaks around a value of V^23 and 
-\fs. This tell us not only that there is a resonance at a cer- 
tain energy but also that the pair of particles considered 
are highly correlated around th energy at the peak. Usu- 
ally this corresponds to the energy where the pair consid- 
ered forms a dynamically generated resonance from meson 
baryon like the A(1405) or from two mesons (KK and nn) 
like the /o(980). In table Q] we show the summary of the 
results obtained 



Table 1. A comparison of the resonances found in this work with 
the states in PDG. 





T (PDG) 


Peak position 


r (this work) 




(MeV) 


(this work, MeV) 


(MeV) 


Isospin = 


1 






2(1560) 


10 - 100 


1590 


70 


2(1620) 


10 - 100 


1630 


39 


2(1660) 


40 - 200 


1656 


30 


2(1770) 


60 - 100 


1790 


24 


Isospin = 









A(1600) 


50 - 250 


1568,1700 


60,135 


A(1810) 


50 - 250 


1740 


20 



9.4 State of KKN and coupled channels 

In IT721 using a variational method and chiral dynamics for 
the interaction of the kaons with nucleons a bound state 
of the KKN system was found, where the KK system was 
forming the ao(980) resonance. The importance of using 
coupled channels has been made patent in [69 70 1. In this 
sense the idea of IT721 was retaken in 1731 using coupled 
channels. The paper also had a novel idea. The fact that 
it was found that there was a cancellation between the off 
shell part of the two body amplitudes and the three body 
amplitudes coming from the same chiral Lagrangians was 
understood as some thing more profound, that in this prob- 
lems one can use on shell amplitudes and not worry about 
three body forces, and of course the on shell two body am- 
plitudes can be obtained from experiment and used beyond 
the region of applicability of the chiral unitary approach 
that relies only on the lowest order chiral Lagrangian and 
absence of possible genuine resonances ( or dynamically 
generated from other components than those taken into 
account). In this sense, in ll73l this idea was put to work 
taking experimental amplitudes for nN above 1600 MeV, 
where the chiral theory 1P741 fails to deal with the TV* (1650) 
resonance. 

Many baryon resonances are found in IT731 with strangeness 
zero, but we are only interested here on the state made out 
from KKN and coupled channels. We find that in spite of 
the adding new channels into the approach, the results of 
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Figure 7. The /i(1810) resonance depicted in the squared amplitude for nit A in the | /, I n ) = | 0, 0) configuration. 



Il72l remain and a resonance appears around the energy 
predicted in IT721 . There is only a small novelty, the KK 
clusters in our approach both around the /o(980) and the 
fl (980), while in (72) it was mostly a a (980)Af state. 

It is interesting to note that such a state around 1920 
MeV, could have already been seen. This is the idea be- 
hind the work of ll75ll which claims that this state could 
correspond to the peak seen in the yp — > K + A reaction as 
we discuss in the next subsection. 



9.5 Comparison of the yp 
reactions 



K + A and yp K+Z? 



A peak of moderate strength on top of a large background 
is clearly seen for the yp — > K + A reaction around 1920 
MeV at all angles (see Fig. 18 of ll76lD . One can induce 
qualitatively a width for this peak of about 100 MeV or 
less. On the other hand, if one looks at the yp — > K + X° re- 
action, one finds that starting from threshold a big large and 
broad structure develops, also visible at all angles (see Fig. 
19 of (76)). The width of this structure is about 200-300 
MeV. One can argue qualitatively that the relatively nar- 
row peak of the yp — > K + A reaction around 1920 MeV on 
top of a large background has nothing to do with the broad 
structure of yp — > K + £° around 1900 MeV. A more quan- 
titative argument can be provided by recalling that in l77ll 



the broad structure of the yp — > K + Jl° is associated to two 
broad A resonances in their model, which obviously can 
not produce any peak in the yp — > K + A reaction, which 
filters isospin 1/2 in the final state. Certainly, part of the 
structure is background, which is already obtained in chi- 
ral unitary theories at the low energies of the reaction |78 1. 

We thus adopt the position that the peak in the yp — > 
K + A reaction is a genuine isospin 1 /2 contribution which 
does not show up in the yp — > K + Z° reaction. This fea- 
ture would find a natural interpretation in the picture of the 
state proposed in [72 73]. Indeed, in those works the state 
at 1920 MeV is a KKN system in relative s-waves for all 
pairs. The yp — > K + A and yp — > K + Z° reactions proceed- 
ing through the excitation of this resonance are depicted in 
Fig. [8] The two reactions are identical in this picture, the 
only difference being the Yukawa coupling of the K to the 
proton to generate either a A or a Z°, 

The Yukawa couplings in SU(3) are well known and 
given in terms of the F and D coefficients [79], with D+F — 
1.26 and D - F = 0.33 H80I78I . The particular couplings 
for Kp — > A and K p — > 2^° are e.g. given in lISD . 



2 D + F 



1 D-F 



V3 2/ V3 2/ 



(34) 
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Figure 8. Diagrams depicting the yp — » A" + A, yp — > K + Z° processes through the l/2 + N* K + K N resonance of 1731721 . 
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with / the pion decay constant. Hence, the couplings 
are proportional to -1.26 and 0.33 for the Kp — > A and 
.K^p — > .T vertices, respectively. Therefore, it is clear that 
in this picture the signal of the resonance in the yp — > /f + A 
reaction is far larger than in the yp — > /T + 2"° one, by as 
much as an order of magnitude in the case that the reso- 
nance and background contributions sum incoherently. The 
3/2 + resonance used in the analysis of the yp — > K + A re- 
action in [82] is also used for the yp — > K + £° reaction in 
that work and also give a smaller contribution in this lat- 
ter case. In the picture of B72I73I the l/2 + resonance also 
appears in the yp — > K + £° reaction but with a smaller in- 
tensity than in the yp — > K + A one, as we have mentioned. 



9.6 Test with polarization experiments 

In case the J p = l/2 + assignment was correct, an easy test 
can be carried out to rule out the 3/2 + state. The experi- 
ment consists in performing the yp — > K + A reaction with 
a circularly polarized photon with helicity 1, thus S z = 
1 with the z-axis defined along the photon direction, to- 
gether with a polarized proton of the target with S z = 1/2 
along the same direction. With this set up, the total spin 
has S '"' = 3/2. Since L z is zero with that choice of the z di- 
rection, then J'"' = 3/2 and J must be equal or bigger than 
3/2. Should the resonant state be J p = l/2 + , the peak sig- 
nal would disappear for this polarization selection, while it 
would remain if the resonance was aJ p = 3/2 + state. Thus, 
the disappearance of the signal with this polarization set up 
would rule out the J p = 3/2 + assignment. 

Such type of polarization set ups have been done and 
are common in facilities like ELSA at Bonn, MAMI B at 
Mainz or CEBAF at Jefferson Lab, where spin-3/2 and 1/2 
cross sections, which play a crucial role in the GDH sum 
rule, see e.g. Ref. 1831 . were measured in the two-pion 
photoproduction |84 85| reaction. The theoretical analy- 
sis of 1 86 1 shows indeed that the separation of the am- 
plitudes in the spin channels provides information on the 
resonances excited in the reaction. 

Another test that can be carried out is by looking at 
the threshold behavior of the cross section for the yp — > 
pK + K~ reaction. As a consequence of the existence of an 
s-wave resonance below threshold one finds an enhance- 
ment of the cross section around threshold for this reaction, 
as well as an enhancement of the invariant mass of K + K~ 
close to the sum of the masses of the two kaons, which re- 
sults from the strong coupling of these two particles to the 



/o(980) and ao(980) resonances. An experiment on this re- 
action is already under way and preliminary results already 
exist atLEPS 11871. 



10 X(2175) as a resonant state of the 4>KK 
system 

The discovery of the X(2175) 1 resonance in e + e~ — > 
0/o(98O) with initial state radiation at BABAR 11881891 . 
also confirmed at BES in JjW -> #/ (980) Hi, has 
stimulated research around its nontrivial nature in terms of 
quark components. The possibility of it being a tetraquark 
ssss is investigated within QCD sum rules in |9TI . and as 
a gluon hybrid ssg state has been discussed in |92 93 1. A 
recent review on this issue can be seen in ll94ll . where the 
basic problem of the expected large decay widths into two 
mesons of the states of these models, contrary to what is 
experimentally observed, is discussed. The basic data on 
this resonance from 1881891 are M x = 2175 ± 10 MeV 
and r — 58 + 16 + 20 MeV, which are consistent with the 
numbers quoted from BES M x = 2186 + 10 ± 6 MeV and 
r = 65 ± 25 + 17 MeV. In Ref. Q59J an indication of this 
resonance is seen as an increase of the K + K~K + K~ cross 
section around 2150 MeV. A detailed theoretical study of 
the e + e~ — > 0/o(98O) reaction was done in Ref. [95 1 by 
means of loop diagrams involving kaons and K*, using chi- 
ral amplitudes for the KK — > nn channel which contains 
the /o(980) pole generated dynamically by the theory. The 
study revealed that the loop mechanisms reproduced the 
background but failed to produce the peak around 2175 
MeV, thus reinforcing the claims for a new resonance around 
this mass. 

In 11961 a very different picture for the X(2175) reso- 
nance was advocated which allows for a reliable calcu- 
lation and leads naturally to a very narrow width and no 
coupling to two pseudoscalar mesons. The picture is that 
the X(2175) is an ordinary resonant state of 0/o(98O) due 
to the interaction of these components. The /o(980) res- 
onance is dynamically generated from the interaction of 
nn and KK treated as coupled channels within the chi- 
ral unitary approach of [4.97.98], qualifying as a kind of 
molecule with nn and KK as its components, with a large 
coupling to KK and a weaker one to nn [hence, the small 
width compared to that of the cr(600)]. Similar studies for 
the vector-pseudoscalar interaction have also been carried 
out using chiral dynamics in [99 100], which lead to the 
dynamical generation of the low-lying axial vectors. In [96 1 
the approach of Ref. 1 1 00 1 to deal with this part of the prob- 
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lem was used and the <f>K and <pn amplitudes were obtained 
in that approach. 

To study the 0/o(98O) interaction, one is thus forced 
to investigate the three-body system <pKK considering the 
interaction of the three components among themselves and 
keeping in mind the expected strong correlations of the KK 
system to make the /o(980) resonance. For this purpose 
one solves the Faddeev equations with coupled channels 
<pK + K~ and (f>K°K°. The picture is later complemented 
with the addition of the (pnn state as a coupled channel. 
The study benefits from previous ones on the nKN and 
jitiN along with their coupled channels done in [101. 1 02 1 , 
where many 1 /2 + , strange, and nonstrange low-lying baryon 
resonances of the Particle Data Group IPTD were repro- 
duced. This success encouraged us to extend the model 
of Refs. H 1 1 1 1 021 to study the three-meson system, i.e., 
$KK. 

In fig. [9] we show \T\ 2 as a function of the total energy 
and the invariant mass of KK. We find a clear peak around 
2150 MeV for the total energy and 980 MeV for the in- 
variant mass of KK, indicating that we have a resonance 
made basically from 0/o(98O), which provides a natural 
explanation to the experimental features observed for this 
resonance. 



1 1 The Y(4260) as a J/i/jKK system 

An enhancement in the data for the n + n~J/ iff invariant mass 
spectrum was found near 4.26 GeV by the BABAR collab- 
oration in a study of the e + e~ — > t« Rn + n~JI\li process II 1 031 . 
A fit to this data set was made by assuming a resonance 
with 4.26 GeV of mass and 50 to 90 MeV of width |[T03l . 
The resonance was named as the T(4260) and it was found 
to be of J PC = 1 nature. Later on, an accumulation of 
events with similar characteristics in the n + n~J/if/, A //^ 
and the K + K~J/iJ/ mass spectra was reported by the CLEO 
collaboration Ml 04 . 1051, thus confirming the results from 
BABAR. Following these works, the BELLE collaboration 
obtained the cross sections for the e + e~ — > n + 7T~J/4r reac- 
tion in the 3.8 to 5.5 GeV region [ 106 1, by keeping all the 
interactions in the final state in S -wave, and found a peak 
at 4.26 GeV and a bump around 4.05 GeV. 

Although the T(4260) does not seem to fit in to the 
charmonium spectrum of the particle data group IT7T1 known 
up to ~ 4.4 GeV, a proposal to accommodate it as a As state 
has been made in |107|. Several other suggestions have 
been made for the interpretation of this state, for example, 
the authors of [ 108 1 propose it to be a tetra-quark state, oth- 
ers propose a hadronic molecule of D\D, DqD* [ 109 1 10 1, 
Xc\w 11 1 11 . Xc\P [112] and yet another idea is that it is 
a hybrid charmonium [ 1 1 3 1 or charm baryonium Ml 141 . 
etc. Within the available experimental information, none 
of these suggestions can be completely ruled out and its 
not clear if T(4260) possesses any of these structures domi- 
nantly or is a mixture of all of them. In Refs. 11 1511 1611 171 
the authors call the attention of the readers to the presence 
of the opening of the D*D* channel very close to the peak 
position of the T(4260) in the updated data from BABAR 
1111 81 and associate the peak corresponding to T(4260) to a 



D*D* cusp. A fit to the data from [103 1 18 1 has been made 
in HI 161 and the presence of a rather broad bump around 
4.35 GeV has been proposed. 

There are some peculiarities in the experimental find- 
ings which motivate us to carry out a study of the J/ifrnn 
system. There is no enhancement found around 4.26 GeV 
in the process with the D*D* Bl 191 or other hadron final 
states [ 1 20 1 and it is concluded that T(4260) has an unusu- 
ally strong coupling to the nnJ/i// final state 01 031 1041 1051 1061 . 
Further, the data on the invariant mass of the nn subsystem 
obtained by the Belle collaboration II 1061 . for total energy 
range, 3.8-4.2 GeV, 4.2-4.4 GeV and 4.4-4.6 GeV, have 
curious features. The nn mass distribution data in 3.8-4.2 
GeV and 4.4-4.6 GeV seem to follow the phase space, 
however, that corresponding to the 4.2-4.4 GeV total en- 
ergy differs significantly from the phase space and shows 
an enhancement near m„ n - 1 GeV. Do these findings indi- 
cate that the T(4260) has a strong coupling to f (9$0)J/if/, 
similar to the X(2175) to the «6/o(980) 112111221 . It is in- 
teresting to recall that the X(2175) was found as a dynam- 
ically generated resonance in the <pKK system 119611231 
with the KK subsystem possessing the characteristics of 
the / (980). Similarly, the T(4660) 17251 has been sug- 
gested as a t/r'/o(980) resonance [ 1 25 1 . In order to find an 
answer to this question, in [ 1 26 1 the Faddeev equations 
were solved for the //i/ottt and J/if/KK coupled channels 
and the results are shown in fig. [10] where one sees that a 
peak of the amplitude squared is generated around an en- 
ergy of 4150 MeV and Vi23 around 980 MeV. 



12 Conclusions 

There have been several topics addressed in this talk around 
kaonic clusters, some of them involving kaons and nucle- 
ons or kaons and vector mesons. The conclusions have 
been appearing in each of the sections. As a brief summary 
we can conclude that antikaons are very peculiar particles, 
with very strong interaction with nucleons and mesons, ei- 
ther pseudoscalar or vectors. They provide a glue to bind 
many systems, however, some of them, particularly those 
involving several nucleons, seem to decay faster than we 
could observe. Yet, we found some other systems which 
are long lived enough, or sufficiently separated from other 
related states, such that their observation is possible and 
many of them have already been observed. We also think 
this is just the beginning in the search for these kind of new 
states and anticipate that many more states, of three body 
nature, or even with more particles, will eventually be seen 
in the future. Devoting work to this issue at the present 
time seems to us a very good scientific investment. 
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